Hematopoietic and related neoplasms were morphologically studied in a total of 1,765 male and 1,765 female Sprague-Dawley rats from 6 chronic toxicity studies conducted at a large toxicology testing laboratory. The most common types of lymphoid neoplasms seen included the lymphoblastic lymphoma (0.65%) and the large granular lymphocyte lymphoma (LGL, Fischer or moionuclear cell leukemia) (0.60%). The most common type of nonlymphoid neoplasm with morphologic features similar to lymphoid tumors was histiocytic sarcoma (1.1Yo)). A small number of cases of myelogenous leukemia were also seen. Additional work is needed in the classification of hematopoietic neoplasms in rats including refined immunomorphological studies.
hematopoietic neoplasms in the rat as compared to the mouse. The purpose of this paper is to describe the incidence of hematopoietic neoplasms in Sprague-Dawley rats based upon a working morphological classification system.
METHODS
Six chronic (24-month) toxicity studies that included a total of 1,765 male and 1,765 female Charles River CD Sprague-Dawley rats were reviewed by the author to gather data concerning the incidence of hematopoietic neoplasms. Both treated and control rats, with comparable lymphoid tumors in each, were utilized from the studies because of the low incidence of hematopoietic neoplasms.
Animals were individually housed in hanging wire mesh cages. The temperature was maintained at 7 1 k 2°F and the humidity was maintained at 50% k 10%. A 12-hour lightldark cycle was maintained for the duration of the study. Food (Ralston Purina Certified Rodent Chow) and water were provided ad libittun. Each rat was identified individually at the beginning of the study with a metal ear tag bearing an identification number. The rats were routinely observed for morbidity and mortality twice daily, 7 days a week, throughout the studies. Detailed observations of appearance, behavior, and condition including palpable masses were conducted at least weekly for each of the studies. 
RESULTS
The classification system used for this review is patterned after the one developed by Pattengale and Frith for the mouse (1 3). The following classification system (Table I) is proposed for the Sprague-Dawley rat, but it could also be used for other strains of rats. Table I1 depicts the incidence of the above neoplasms seen in the 6 studies.
Lymphoid Cell Derived Neoplasiiis
Lyrnphoblastic Lymphoma. A total of 12 and 1 1 case's oflymphoblastic lymphoma were seen in 1,765 males and 1,765 females, respectively. Lymphoblastic lymphoma in the Sprague-Dawley rat is similar morphologically to that of the mouse and is characterized by monomorphic, mitotically active, intermediate-sized lymphoblasts with round to oval nuclei, immature chromatin (chromatin is not condensed and presents an open or speckled appearance), a scant rim of cytoplasm and prominent nucleoli ( Fig. 1 ). Organs commonly involved included the spleen, liver, lymph nodes, and lungs. Iinmtinoblastic Lymphoma. Only 2 cases of immunoblastic lymphoma were seen in 1,765'male rats and none were seen in the 1,765 female rats. These at SAGE PUBLICATIONS on December 9, 2012 tpx.sagepub.com Downloaded from tumors are extremely rare in the rat and they have not been characterized immunomorphologically. Morphologically, they are similar in appearance to the immunoblastic lymphomas in the mouse which have been shown to be predominantly derived from B-cells. They are composed of a monomorphic population of noncohesive, large lymphoid cells with round to oval, vesicular nuclei with prominent and distinct nucleoli and abundant, conspicuous eosinophilic cytoplasm (Fig. 2) . In addition, the nuclei are eccentric and occasionally have clumped, peripherally marginated, clockface-like chromatin (i.e., plasmacytoid features).
Follictilar Center Cell (FCC) Lymphoma. Two FCC lymphomas were seen in the 1,765 males and 2 were seen in the 1,765 female rats. These neoplasms are extremely rare in the Sprague-Dawley rat as compared to the mouse (8, 13) . They are morphologically similar in appearance to the FCC lymphoma in the mouse and would necessarily be derived from B-cell lymphocytes, if they are indeed FCC lymphomas. They formed nodules in the spleen and liver which were composed ofa mixture ofsmall and large irregularly shaped cells with vesicular, often indented nuclei (Fig. 3) . The cells are cohesive and may have scant or abundant cytoplasm depending upon their size.
Large Granular Lymphocyte Lymphoma (Leukemia). This was one of the more common types oflymphomas seen in this study. A total of 10 cases out of 1,765 males and a total of 11 cases out of 1,765 females were evident. This neoplasm is one of the more common lymphomas in the Sprague-Dawley rat. It is extremely common in the Fischer 344 rat and has been referred to as mononuclear or Fischer rat leukemia (1 1 , 17, 18,21) . The neoplasm appears to originate in the spleen, but also commonly involves the liver and lung. In the liver, the large lymphocytes have round or irregular nuclear membranes and are present primarily in the sinusoids (Fig. 4) . In the spleen, the neoplastic cells appear to be more cohesive and form solid sheets of cells ( Fig. 5 ).
Nonlyinphoid Neoplasnu
Granulocytic Leukemia. Six cases ofgranulocytic leukemia were seen in 1,765 males and 2 cases were seen in 1,765 females. Granulocytic or myelogenous leukemia, as it is often referred, is rare in both the mouse and the rat. When it occurs in the rat, it most commonly occurs in the liver, spleen, lymph nodes, and bone marrow. It also involves the kidneys more often than the other hematopoietic diseases in rats. The cells are large and resemble developing or immature granulocytes (Fig. 6) . The cells may show some ring or lobed forms in some of the involved areas, but in others the neoplastic cells may show more of a blastic appearance.
Histiocytic Sarcoma. This neoplasm was the most common nonl ymphoid neoplasm, with morphologic features similar to lymphoid tumors, seen in this study. Nineteen cases were seen in 1,765 males and 21 cases were seen in 1,765 females. It may actually represent a spectrum of lesions and has also been referred to as malignant fibrous histiocytoma (16, 20) . The disease is morphologically similar to the same disease described in the mouse (6). The disease is characterized by the presence of large monomorphic cells with very prominent eosinophilic cytoplasm. In the mouse, the disease commonly involves the liver in the male mouse and the liver and the uterus in the female mouse (6). In the present study, it frequently involved the liver (Fig. 7) , but a common site usually not seen in the mouse was the skin and subcutaneous tissue (Fig. 8) . The neoplasm readily metastasizes to the lungs in both the rat and' mouse.
DISCUSSION
The terminology used to report the incidence of hematopoietic neoplasms in the rat is quite varied (19) . It is often reported as simply a lymphoma, leukemia, or a hemolymphoreticular disease (2).
Burek and Hollander reported on the incidence of hematopoietic neoplasms in the BN/BI rat and simply referred to the hematopoietic neoplasms as lymphoreticular sarcomas (2) . They reported an incidence of 14% in 24-month-old males and 6% in 29-month-old females. Prejean et a1 (1 5) reported on the incidence of spontaneous tumors in the Sprague-Dawley rat. They reported that in 360 untreated Sprague-Dawley rats, hematopoietic neoplasms included 1 lymphocytic and 1 myelocytic neoplasm. Swaen and Van Heerde (19) presented a classification of hematopoietic neoplasms of the rat.
Much of the terminology used is out of date. A working immunomorphological classification has been reported for the mouse (13). A similar classification is needed for the rat. The overall incidence of hematopoietic neoplasms is much lower in the rat than in the mouse, and the incidence in the rat appears to be similar between males and females.
In the mouse, the predominant hematopoietic neoplasm is the follicular center cell (FCC) neoplasm derived from the the B-cell lymphocyte (1 3). This neoplasm has also been referred to as reticulum cell sarcoma, type B (RCS B) (4) and mixed cell lymphoma (8) . In contrast, the present study indicates that the FCC lymphoma is extremely rare in the Sprague-Dawley rat.
Large granular lymphocyte (LGL) lymphoma (leukemia), on the other hand, is common in the rat FRITH TOXICOLOGIC PATHOLOGY but has not been reported in the mouse. This particular neoplasm is very common in the Fischer 344 rat. Goodman et a1 (9) reported an incidence of lymphomas/leukemias of 12.3% and 9.9% in the males and females, respectively. These appeared to have been predominantly mononuclear cell leukemia, which has been determined to be derived from the large granular lymphocyte (1 1). They reported that in the early stages of LGL lymphoma of F344 rats, splenic congestion and lymphocytic depletion of the splenic white pulp were the most significant and consistent histologic findings and confirmed the diagnosis by immunocytochemistry. Although Ward and Losco referred to the neoplasm as a leukemia (1 l), the author of this report feels that hematopoietic neoplasms derived from lymphoid cells should be referred to as lymphomas. They can be further classified as leukemic or nonleukemic if so desired. This highly lethal tumor can affect group survivability and therefore can potentially impair the reliability of tumor bioassays (1 1, 17,18 ). In the present report, the incidence of LGL lymphoma was approximately 0.50% in both male and female Sprague-Dawley rats, indicating that the strain of rat chosen for a chronic toxicity study certainly affects the incidence of hematopoietic neoplasms.
Autolytic change may complicate the diagnosis of LGL lymphoma, but the author feels that with experience most of the hematopoietic neoplasms in the rat can be accurately diagnosed based upon morphology, distribution, and pattern even if some autolysis is present. Severe autolysis may necessitate the diagnosis of lymphoma, NOS (not otherwise specified). .
The incidence of lymphoblastic lymphoma in the present report was approximately 0.60% in both males and females. This lymphoma subcategory can not be compared to other studies because of the failure of many investigators to attempt to morphologically classify hematopoietic neoplasms in the rat. In the mouse, Pattengale and Frith reported a total 23 cases of lymphoblastic lymphoma out of 70 lymphoid neoplasms and 7 were proven immunomorphologically to be derived from B-cell lymphocytes (1 3).
Pattengale and Frith also reported that of the 70 lymphoid derived neoplasms in the BALB/c female mouse, 5 of them were classified as immunoblastic lymphoma (1 3). These neoplasms were classified morphologically as immunoblastic lymphoma and subsequently confirmed immunomorphologically to be of the B-immunoblastic type. In the present study, only 2 cases of immunoblastic lymphoma were reported in 1,765 male Sprague-Dawley rats while none were seen in an equal number of female rats.
Plasma cell lymphomas are also derived from B-cell lymphocytes and appear to be rare hematopoietic neoplasms in both the rat and mouse. No cases were seen in the present study. Of the nonlymphoid neoplasms, with morphologic features similar to lymphoid tumors, the histiocytic sarcoma appeared to be the most common in the Sprague-Dawley rat. In the present study, an incidence of approximately 1 .O% occurred in both males and females. This particular disease has been referred to as histiocytic lymphoma in the mouse (6) but is believed to be derived from the histiocyte rather than the lymphocyte. Barsoum et a1 confirmed the histiocytic nature of the tumor cells with immunocytochemistry and electron microscopy (1) . Although the histogenesis of histiocytic sarcoma has not been unequivocally established, the author feels that this neoplasm should be continued to be grouped with hematopoietic neoplasms until more detailed studies can be performed and the histogenesis better clarifjed. The term lymphoma should only be used for lymphoid cell derived neop1asn;'s. In the mouse, histiocytic sarcoma commonly occurs in the liver of male mice and in the uterus and liver in female mice (6) . In the rat, the neoplasm also occurs in the liver, but subcutaneous neoplasms are also common. The neoplasm in the rat has also been referred to as malignant fibrous histiocytoma (16, 20) . The tumor is highly malignant in both rats and mice and readily metastasizes to the lung in both species.
Granulocytic (myelogenous) leukemia appears to be rare in the rat as it is in the mouse (8, 10). In the present study, 6 and 2 cases were seen in 1,765 male and 1,765 female Sprague-Dawley rats, respectively. Some difficulty may occur in distinguishing granulocytic leukemia from myeloid metaplasia. The organs involved and failure to find a reason for increased myeloid metaplasia help to indicate that the lesion may be neoplastic and not a reactive myelopoiesis. In the rat, the kidney appears to almost always be involved in the case of granulocytic leukemia whereas myeloid metaplasia appears to be found more commonly in the liver and spleen.
Mast cell neoplasia is common in dogs (12) and has been reported in the mouse (3) (4) (5) . The neoplasm occurs at a very low incidence in the mouse, and the author of this report is not aware of any reported cases in the rat.
In summary, the rat is an extremely important animal model for use in biomedical and toxicological research. The specific type of hematopoietic neoplasm induced by test articles may be important, and lymphoid cell neoplasms should not be grouped with nonlymphoid cell neoplasms in determining the toxicity and carcinogenicity of test articles. Specifically, histiocytic sarcomas and granulocytic leukemias should be distinguished from lymphoid neo-plasms. It is hoped that this morphological classification of hematopoietic neoplasms in the Sprague-Dawley rat will be used by other investigators until more refined immunomorphological studies can be performed.
